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Abstract
A sensory-motor system using linear functions is described by a second order differencial equa-
tion. The system behaves as danmped oscillation for the most value of gains. On the other
hand in a sensory-motor system with a time delay, we observe that the decay time becomes
longer than those for without time delay. For some values of gain, the system diverges.
In this study, we describe the defferencial equation by use of a transition matrix, and renormal-
ize the time delay into the system behavior. Gain region having stable behaviors is calculated























Ixϕ¨ = pi(ϕ, ϕ˙, ϕ¨, · · ·) (1)









ۑ 1: x− ᤌ؝ʩʍ᯦ᜓ̃˲˙˞ʍۋᤉធ् ϕ ʇ
̃̎˕̎ 1,3ʊʧʪ୲Տ L1, L3
3 ᢤᆋᘒМǠဌƒƭᚕ௑
ɣʝ┄੡ងᜓթӟ҈ [2] piʱ ϕ, ϕ˙ʍʞʍᏺথ᫟௦
ʇϔ࠳ɸʪʇ































































ʇ࠳ᑵɶɾ┆ɲʍពʎ D < 0ʍܬ׹ʊɾɣɸʪʡ
ʍʆɡʪ┆D > 0ʍܬ׹ʊʎ┄᎘ʎଶթɶʉɣɫ┄
ɣɹʫʊɶʅʡ CP > 0ʆɡʪᬈʩ┄ϕʍђʎ 0ʊ
༜ᜡɸʪ┆ɸʉʮʀ┄ీ᫙ᦅʫɫ࿵ɣᬈʩ᎘ʎࠪ࠳
ɸʪ┆
ตʊ┄্Ԕఄ኏ॾ (5)ʱᦥኌᜓԝ Tˆ ʱᄍɣɾེ֊
ॾʆᜟɸ┆(5)ॾɪʨ┄্ࡷీ᫙∆tʊࡩɶʅ┄
∆#s(t) = Aˆ#s(t)∆t (12)
ʆɡʪ┆ɲʫʱᄍɣʪʇ┄ీԬ t+∆tʊɩɰʪၤੳ
˯˅˞́ #s(t+∆t) ʎ┄
#s(t+∆t) = #s(t) +∆#s(t)
= #s(t) + Aˆ#s(t)∆t
= (Iˆ +∆tAˆ)#s(t) (13)
ʆɡʪ┆ɲɲʆ┄
#si+1 = #s(t+∆t) (14)
#si = #s(t) (15)
ʇᑝɬ୳ɧʅಅɮʇ (13)ॾʎ
#si+1 = Tˆ#si (16)
ʇེ֊ॾʍɪɾʀʊಅɮɲʇɫԎಿʪ┆ɾɿɶ┄ɲ
ɲʆᦥኌᜓԝ Tˆ ʱ
Tˆ ≡ Iˆ +∆tAˆ (17)
ʇ࠳ᑵɶɾ┆ʝɾ┄Iˆ ʎ֫ϴᜓԝʆɡʪ┆ɶɾɫʂ











































































































ʇ࠳ᑵɶɾ┆Tˆ ′ = Tˆ (1)ʆɡʪ┆
Tˆ (1)ʱព೒ɸʪɾʠʍԎᆌ࿢ʇɶʅಢለኴʆʎ┄
Tˆ (0) = Tˆ0ʍܬ׹ʊʃɣʅᠳ៵ɸʪ┆ɲʍܬ׹┄ེ
֊ॾʎ
















ʍᐴʩ᥈ʞݳ୳ʱ δ = n∆tʇʉʪʝʆᐴʩ᥏ɺʏ┄
ɼʍీɧʨʫɾλ′ʍђʎ┄ీ᫙ᦅʫ δʊࡩড়ɸʪ Aˆ
ᜓԝʍۓಐђʱੜءɸʪ┆ɼʍʇɬ┄δ = n∆t ʍђ

















η′(1 − η′) + λ∆t = 0 (33)
ɪʨ┄ɼʍពɫ ∆tʊʧʂʅ 1ɪʨʈʍʧɥʊݳϴ
ɸʪɪ៬ʘʧɥ┆
η′ ʍ ∆tʊʧʪ┉ᬤ্Ԕʱ η˙′ ʆᜟɸɲʇʊɸʪ┆
ɲʍၔ৷ఄ኏ॾ (33)ʍ͸᥆ʱ∆tʆ্Ԕɸʪʇ┄
η˙′(1− η′) − η′η˙′ + λ = 0
η˙′ =
λ

































ɾీ᫙ᦅʫʱ τ ʆᜟɸɲʇʊɸʪ┆ɲʫʱ δ = n∆t
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τ = 0ʊɩɰʪђɫీ᫙ᦅʫɫ࿵ɣܬ׹ʍ λʆɡ
ʪ┆࠷ᧅ┄ᚔᧅʇʡʊᡥʍђʉʍʆ┄༜ᜡଶթʱɸ
ʪ┆ɣʂʜɥ┄τ = δʝʆиฬɴʫɾ Re(λ′)ʍђʎ
ฬʆɡʪ┆ɸʉʮʀ┄ీ᫙ᦅʫʍ՞ೖʊʧʂʅ┄༜
ᜡଶթɫᆌ௣ଶթʊݳ֊ɶɾɲʇʱੜءɸʪ┆
ɴʝɵʝʉ CP, CI ʍђʊࡩɶʅ׽පʍឞጣʱᜓ
ɣ┄Re(λ′) < 0 ʇʉʪᮾܕʱۑ 3ʊቌɶɾ┆ీ᫙ᦅ
The map for negative value of Re(renormalized lambda)
δ=70[ms]








































̉ˏɕ໒ᄑ ኒ┄ۛ׺ ॓ބ ᗾ┄ࢫາಅॉ
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